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BRIEF  ASSESSMENT 

The  Norwich  Reservoir  Dam  is  located  on  Charles  Brown  Brook 
approximately  one  mile  upstream  of  Norwich,  Vermont.  The  dam 
is  a  concrete  arch  with  thrust  walls  and  a  concrete  crib  with 
earth  backfill.  The  overall  length  of  the  dam  is  approximately 
200  feet  with  a  maximum  height  of  28  feet.  The  weir  length 
of  the  overflow  spillway  is  45  feet.  The  dam  is  capable  of 
impounding  a  maximum  of  37.4  acre-feet.  The  outlets  consist 
of  a  10-inch  water  supply  main  and  a  20-inch-diameter  pond  drain. 

The  water  impounded  by  this  dam  is  presently  used  for  water 
supply  for  the  Town  of  Norwich.  The  Town  plans  to  take  this 
dam  out  of  service  in  the  near  future.  The  dam  is  owned  by 
the  Norwich  Fire  District  Number  1. 

The  drainage  area  of  the  dam  covers  5.2  square  miles  of  mountainous 
woodland.  The  maximum  impoundment  of  the  dam  is  37.4  acre-feet. 

The  dam  is  SMALL  in  size,  and  its  hazard  classification  is  HIGH 
because  of  the  potential  for  economic  loss  and  loss  of  more 
than  a  few  lives  in  the  event  of  a  dam  failure. 

The  appropriate  test  flood  for  a  dam  classified  small  in  size 
with  a  high  hazard  classification  would  be  between  one  half 
of  the  Probable  Maximum  Flood  (PMF)  and  the  Probable  Maximum 
Flood.  The  one-half  PMF  has  been  adopted  as  the  appropriate 
test  flood  for  this  dam. 

The  peak  test  flood  discharge  of  5,750  cfs  will  produce  a  maximum 
water  surface  at  elevation  725.2  (NGVD)  and  will  overtop  the 
dam  by  3.7  feet.  The  spillway  is  capable  of  passing  15%  of 
the  test  flood  without  overtopping. 


The  dam  is  in  poor  condition  at  the  present  time.  It  is  recommended 
that  the  owner  retain  the  services  of  a  qualified  registered 
professional  engineer  to  conduct  a  detailed  hydraulic  and  hydrologic 
study  to  further  define  the  need  and  means  to  increase  the  spillway 
capacity;  investigate  the  seepage  through  the  left  embankment; 
investigate  the  structural  stability  of  the  gatehouse,  the  spillway, 
and  the  left  training  wall;  evaluate  the  condition  of  the  right 
training  wall;  prepare  plans  for  renovation  or  repair  of  those 
structures;  and  develop  a  method  to  remove  trees  and  stumps. 

Remedial  measures  to  be  undertaken  by  the  owner  include  immediately 
checking  the  operability  of  the  outlet  works  through  their  full 
range,  removing  brush  from  embankments;  implementing  annual 
maintenance  and  inspection  programs;  and  immediately  developing 
a  formal  system  to  warn  the  appropriate  officials  and  the  downstream 
residents  in  the  event  of  an  emergency. 

These  engineering  studies  and  remedial  measures  should  be  implemented 
by  the  owner  within  one  year  of  the  receipt  of  this  Phase  I 
Inspection  Report. 
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This  report  is  prepared  under  guidance  contained  in  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I  investi¬ 
gations.  Copies  of  these  guidelines  may  be  obtained  from  the 
Office  of  Chief  of  Engineers,  Washington,  D.C.,  20314.  The 
purpose  of  a  Phase  I  Investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or  property. 
The  assessment  of  the  general  condition  of  the  dam  is  based 
upon  available  data  and  visual  inspections.  Detailed  investigations, 
and  analyses  involving  topographic  mapping,  subsurface  investi¬ 
gations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a  Phase  I  investigation;  however,  the  investi¬ 
gation  is  intended  to  identify  any  need  from  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior 
to  inspection,  such  action,  while  improving  the  stability  and 
safety  of  the  dam,  removes  the  normal  load  on  the  structure 
and  may  obscure  certain  conditions  which  might  otherwise  be 
detectable  if  inspected  under  the  normal  operating  environment 
of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends 
on  numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume 
that  the  present  condition  of  the  dam  will  continue  to  represent 
the  condition  of  the  dam  at  some  point  in  the  future.  Only 
through  continued  care  and  inspection  can  there  be  any  chance 
that  unsafe  conditions  be  detected. 

Phase  I  Inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established 
Guidelines,  the  Spillway  Test  Flood  is  based  on  the  estimated 
"Probable  Maximum  Flood"  for  the  region  (greatest  reasonably 
possible  storm  runoff),  or  fractions  thereof.  Because  of  the 
magnitude  and  rarity  of  such  a  storm  event,  a  finding  that  a 
spillway  will  not  pass  the  test  flood  should  not  be  interpreted 
as  necessarily  posing  a  highly  inadequate  condition.  The  test 
flood  provides  a  measure  of  relative  spillway  capacity  and  serves 
as  an  aide  in  determining  the  need  for  more  detailed  hydrologic 
and  hydraulic  studies,  considering  the  size  of  the  dam,  its 
general  condition  and  the  downstream  damage  potential. 

The  Phase  I  Investigation  does  not  include  an  assessment  of 
the  need  for  fences,  gates,  no  trespassing  signs,  repairs  to 
existing  fences  and  railings,  and  other  items  which  may  be  needed 
to  minimize  trespassing  and  provide  greater  security  for  the 
facility  and  safety  to  the  public.  An  evaluation  of  the  project 
for  compliance  with  OSHA  rules  and  regulations  is  also  excluded. 
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4 . 1  Operational  Procedures 


( a )  General 


No  written  operational  procedures  exist  for  this  dam. 

The  outflow  is  normally  uncontrolled.  The  water  supply 
is  generally  open,  and  the  reservoir  drain  is  closed. 

( b )  Description  of  any  Warning  System  in  Effect 

There  is  no  warning  system  in  effect  at  this  dam. 

4 . 2  Maintenance  Procedures 

( a )  General 

No  formal  maintenance  program  exists  for  the  dam, 
and  maintenance  is  performed  on  an  "as  needed"  basis. 

( b )  Operating  Facilities 

No  formal  maintenance  program  exists,  and  maintenance 
is  performed  on  an  "as  needed"  basis. 

4 . 3  Evaluation 

Additional  emphasis  on  routine  maintenance  will  assist 
the  owner  in  assuring  the  long-term  safety  of  the  dam  and  operating 
facilities.  A  formal,  written,  downstream  emergency  warning 
system  should  be  developed  for  this  dam. 


(a) 


Severe  deterioration  of  the  left  training  vnll. 

(b)  Deterioration  of  the  right  training  wall. 

(c)  Partial  structural  failure  of  the  gatehouse  foundation. 

(d)  Condition  of  spillway  not  determined  due  to  sh"f.t 
flow. 

(e)  Trees  and  brush  growing  on  embankments  may  damage 
slopes  by  uprooting  or  rotting  or  roots. 

(f)  Seepage  through  left  embankment. 

(g)  Gates  are  reportedly  operable  but  this  should  be  checked 
immediately  because  of  the  poor  condition  of  the  dan. 
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The  2-foot-thick  foundation  walls  of  this  structure 
and  the  15-inch  cellular  wall  were  designed  to  transmit 
the  thrust  from  the  arch  to  the  thrust  wall. 

A  1-inch  vertical  crack  was  observed  at  the  interface 
with  the  spillway,  the  exterior  surface  having  been 
patched.  This  crack  extends  into  the  cellular  wall, 
where  it  reduces  to  3/4-inch  in  width.  The  left  sidewall 
within  the  water  supply  intake  well  also  has  a  1-inch 
vertical  crack.  Horizontal  cracks  were  observed  on 
the  downstream  side  of  this  structure.  Displacement 
of  the  downstream  wall  was  observed  at  the  lowest 
horizontal  crack;  1/4-inch  displacement  adjacent  to 
the  spillway  and  1/2-inch  displacement  at  the  left 
end  of  the  structure.  Visual  observations  revealed 
that  the  upstream  portion  of  the  structure  has  rotated 
in  a  clockwise  direction  toward  the  left  abutment. 

Minor  nonstructural  spalls  were  also  observed. 

The  gatehouse,  which  is  a  wood  framed  structure, 
houses  two  wheel-operated  bench  stands.  At  the  time 
of  inspection,  the  waste  gate  was  closed  and  the  raw 
water  intake  to  the  town  water  supply  system  was  fully 
opened.  The  bench  stands  and  stems  are  well  maintained. 

The  hand  wheels  were  chained  in  place  in  order  to 
prevent  unauthorized  use. 

(c)  Reservoir  Area  (See  Photo  1) 

The  shore  of  the  reservoir  area  is  generally  moderately 
sloping  woodland.  It  appears  stable  and  in  good  condition, 
although  there  are  signs  of  past  creeping  of  the  right 
bank  as  shown  by  the  bowing  of  trees  in  Photo  1. 

(d)  Downstream  Channel  (See  Photos  12  and  14) 

The  downstream  channel  is  Charles  Brown  Brook,  which 
is  a  narrow,  rocky  channel.  The  banks  are  stable  and  in 
good  condition. 

3 . 2  Evaluation 

The  dam  and  its  appurtenant  structures  are  generally  in 
poor  condition.  The  problem  areas  noted  during  the  visual  inspection 
are  listed  as  follows: 
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horizontal  with  a  high  degree  of  efflorescence  and 
exudation.  Previously  applied  pneumatic  mortar  has 
spalled  from  the  vertical  face  of  this  structure. 

(4)  Right  Thrust  Wall  (See  Photo  2) 

With  the  exception  of  minor  surface  cracking 
and  efflorescence,  this  structure  is  in  good  condition 
at  the  present  time,  with  no  evidence  of  spalls  or 
erosion. 

(5)  Left  Thrust  Wall  (See  Photos  7  and  11) 

With  the  exception  of  minor  erosion,  surface 
cracking,  and  efflorescence,  this  structure  is  in 
good  condition  at  the  present  time.  Minor  erosion 
was  observed  at  the  water  line  approximately  25  feet 
to  the  left  of  the  spillway.  A  concentration  of  5 
horizontal  and  3  vertical  hairline  cracks  was  also 
observed  at  this  location.  Similar  concentration 
of  fine  cracks  and  efflorescence  was  observed  approxi¬ 
mately  25  feet  from  the  left  abutment. 

(6)  Concrete  Apron  (See  Photos  6  and  12) 

The  downstream  concrete  apron,  which  is  approximately 
20  feet  long,  has  been  subjected  to  considerable  surface 
erosion. 

(7)  Earth  Fill  Embankments  (See  Photos  2,  6,  11, 

and  13) 

The  earth  fill  embankments  are  in  fair  to  good 
condition.  The  left  embankment  shows  signs  of  clear 
seepage  ( 2  to  5  GPM)  exiting  over  the  left  training 
wall  (see  Photo  6).  There  is  light  brush  and  tree 
growth  on  both  embankments. 

(b )  Appurtenant  Structures 

Gatehouse  (See  Photos  4,  7,  8,  9,  10,  and  12) 

Visual  observations  of  this  structure  included 
the  configuration  of  its  foundation  and  its  relationship 
to  the  arched  spillway  and  the  left  thrust  wall. 
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Section  3:  Visual  Inspection 


3 . 1  Findings 

(a )  General 

The  Norwich  Reservoir  Dam  is  in  poor  condition  at 
the  present  time. 

( b )  Dam 

(1)  Spillway  (See  Photos  2,  4,  and  12) 

Observation  of  the  downstream  face  of  this  structure 
revealed  that  it  is  stepped  over  its  entire  vertical 
height.  Pneumatically  applied  mortar  was  observed 
to  have  spalled.  The  extent  of  spalling  could  not 
be  determined  due  to  sheet  flow  over  the  spillway. 

The  crest  is  3.5  feet  below  the  thrust  walls. 


(2)  Left  Training  Wall  (See  Photos  4,  5,  6,  and  12) 

This  structure  is  in  poor  condition  due  to  the 
extensive  spalling,  exposed  reinforcing  steel,  cracking, 
efflorescence,  exudation,  and  undermining.  The  cyclopean 
concrete  has  spalled  over  an  area  of  approximately 
20  feet  long  by  5  feet  high  by  15  inches  deep,  exposing 
reinforcing  steel.  There  is  a  considerable  amount 
of  cracking  associated  with  efflorescence  from  the 
spillway  interface  to  the  angle  point  in  the  wall 
30  feet  downstream.  Pneumatically  applied  mortar 
within  this  section  of  wall  has  been  subjected  to 
severe  spalling.  Undermining  has  occurred  at  the 
base  of  the  wall  from  the  previously  mentioned  angle 
point  to  the  end  of  the  wall.  In  one  particular  instance, 
this  undermining  is  in  excess  of  12  inches  high  and 
up  to  12  inches  deep. 

(3)  Right  Training  Wall  (See  Photos  2  and  3) 

This  structure  is  in  poor  condition  due  to  excessive 
erosion,  spalling,  horizontal  cracks,  efflorescence, 
and  exudation.  Erosion  over  an  area  3  feet  wide, 

4  feet  high,  and  12  inches  deep  has  occurred  at  the 
interface  with  the  spillway  approximately  at  midheight 
of  the  wall.  Cracking  is  extensive  and  is  predominantly 
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Section  2;  Engineering  Data 


2.1  Design  Data 

None  of  the  original  design  drawings  or  calculations  are 
available  for  this  dam.  Available  data  includes  a  drawing, 
dated  1928  by  Weston  and  Sampson  Consulting  Engineers.  This 
drawing  was  accomplished  for  the  design  of  repairs  which  were 
made  at  that  time.  Some  inspection  reports  are  also  available. 

This  information  has  been  included  in  Appendix  B  of  this  report 

2 . 2  Construction  Records 

No  construction  records  are  available  for  this  dam. 

2. 3  Operational  Records 

No  operational  records  are  available  for  this  dam. 

2 . 4  Evaluation  of  Data 

(a )  Availability 

There  is  no  detailed  design  or  construction  data  available 
for  evaluation. 

(b )  Adequacy 

The  lack  of  in-depth  engineering  data  does  not  permit 
a  definitive  review.  Therefore,  the  adequacy  of  the  dam 
cannot  be  assessed  from  the  standpoint  of  reviewing  design 
and  construction  data.  This  assessment  of  the  dam  is  based 
primarily  on  the  visual  inspection,  past  performance,  and 
sound  engineering  judgment. 

( c )  Validity 

Since  the  observations  of  the  inspection  team  generally 
confirm  the  information  contained  in  the  records  of  the 
Vermont  Department  of  Water  Resources,  a  satisfactory  evaluation 
for  validity  is  indicated. 


(4) 

Top  of  dam:  700+ 

(5) 

Test  flood  pool:  700+ 

Storage  (acre-feet) 

(1) 

Normal  pool:  21.5 

(2) 

Flood  control  pool: 

Not 

applicable 

(3) 

Spillway  crest  pool: 

21 

.5 

(4) 

Top  of  dam  pool:  37. 

4 

(5) 

Test  flood  pool:  56 

Reservoir  Surface  (acres) 

(1) 

Normal  pool:  2.8 

(2) 

Flood  control  pool: 

Not 

applicable 

(3) 

Spillway  crest  pool: 

2. 

8 

(4) 

Test  flood  pool:  10+ 

(5) 

Top  of  dam:  5.7 

(g )  Dam 

(1)  Type:  Concrete  arch  with  thrust  walls  and  earth 

backfill . 

(2)  Length:  Approximately  200  feet 

(3)  Height:  Approximately  28  feet 

(4)  Top  width:  Variable 

(5)  Side  slopes:  Upstream:  vertical 

Downstream:  1  vertical  to  1.5 

horizontal 


(6)  Zoning:  Not  applicable 

(7)  Impervious  core:  Not  applicable 


( 6 )  Gated  Spillway  Capacity  at  Test  Flood 
There  are  no  gated  spillways. 

( 7 )  Total  Spillway  Capacity  at  Test  Flood 

The  capacity  of  the  spillway  at  Test  Flood  elevation 
(725.2  feet  NGVD )  is  2,600  cfs. 

( 8 )  Total  Project  Discharge  at  Top  of  Dam 

The  total  project  discharge  at  top  of  dam  elevation 
(721.5  feet  NGVD)  is  885  cfs. 

( 9 )  Total  Project  Discharge  at  Test  Flood  Elevation 

The  total  project  discharge  at  Test  Flood  elevation 
(725.2  feet  NGVD)  is  5,750  cfs. 

( c )  Elevation 

(1)  Streambed  at  toe  of  dam:  Approximately  694 

(2)  Bottom  of  cutoff:  Unknown 

(3)  Maximum  tailwater:  Unknown 

(4)  Normal  pool:  Approximately  718.0 

(5)  Full  flood  control  pool:  Not  applicable 

(6)  Spillway  crest:  Approximately  718.0 

(7)  Design  surcharge:  Unknown 

(8)  Top  of  dam:  721.5 

(9)  Test  flood  surcharge:  725.2 

(d )  Reservoir  (length  in  feet) 

(1)  Normal  pool:  700+ 

(2)  Flood  control  pool:  Not  applicable 

(3)  Spillway  crest  pool:  700+ 
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( i )  Normal  Operating  Procedure 

No  formal  operating  procedures  exist  for  this  dam. 

The  steel  waste  gate  is  normally  closed. 

1 . 3  Pertinent  Data 

( a )  Drainage  Area 

The  drainage  area  for  this  dam  covers  5.2  square  miles. 

It  is  made  up  primarily  of  mountainous  woodland. 

(  b )  Discharge  at  Dam  Site 

( 1 )  Outlet  Works 

The  outlet  works  for  this  dam  include  a  10-inch- 
diameter  water  supply  main  and  a  20-inch-diameter 
reservoir  drain.  The  invert  elevation  of  the  water 
supply  intake  is  unknown.  The  invert  of  the-^waste 
gate  is  estimated  to  be  elevation  700  feet.  The  capacity 
of  the  waste  gate  with  the  reservoir  at  the  top-of-dam 
elevation  (721.5  feet  NGVD )  is  approximately  48  cfs. 

( 2 )  Maximum  Known  Flood 

The  dam  was  overtopped  in  July  1973.  No  data 
is  available  on  the  stage  or  flow. 

( 3 )  Ungated  Spillway  Capacity  at  Top  of  Dam 

The  capacity  of  the  spillway  with  the  reservoir 
at  top-of-dam  elevation  (721.5  feet  NGVD)  is  885  cfs. 

( 4 )  Ungated  Spillway  Capacity  at  Test  Flood 

The  Test  Flood  overtops  the  dam  by  3.7  feet. 

The  capacity  of  the  spillway  at  Test  Flood  elevation 
(725.2  feet  NGVD)  is  2,600  cfs. 

( 5 )  Gated  Spillway  Capacity  at  Normal  Pool 
There  are  no  gated  spillways. 
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would  cause  no  flooding,  but  the  failure  flow  would  cause 
up  to  6  feet  of  flooding  at  these  houses,  as  well  as  at 
other  housing  areas  further  downstream.  Refer  to  Section 
5.5  for  further  flood  information. 

(e )  Ownership 

The  dam  is  presently  owned  by  the  Norwich  Fire  District 
Number  1.  It  is  overseen  by  the  Prudential  Committee. 

Mr.  Frank  Dolan  is  the  chairman  of  this  committee.  He 
can  be  reached  by  telephone  at  (603)  643-3800.  Mrs.  Alice 
Flannery  is  the  clerk  of  the  Norwich  Fire  District  Number 
1.  She  can  be  reached  at  (802)  649-1192  at  her  office 
or  (802)  649-1906  at  home.  The  mailing  address  is  Norwich 
Fire  District,  Water  Department,  Norwich,  Vermont,  05055. 

( f )  Operator 

The  operation  of  the  dam  is  controlled  by  the  Norwich 
Fire  District,  Water  Department,  Norwich,  Vermont,  05055. 

The  chairman  of  the  Prudential  Committee,  Mr.  Frank  Dolan, 
can  be  reached  by  telephone  at  (603)  643-3800.  Mrs.  Alice 
Flannery  is  the  clerk  of  the  Norwich  Fire  District  Number 
1.  She  can  be  reached  at  (802)  649-1192  at  her  office 
or  (802)  649-1906  at  home. 

(g )  Purpose  of  Dam 

The  present  purpose  of  the  dam  is  to  impound  water 
for  water  supply  for  the  Norwich  Fire  District  Number  1. 

( h )  Design  and  Construction  History 

The  original  dam  at  this  site  was  constructed  in  1920, 
according  to  the  Corps  of  Engineers'  "Inventory  of  Dams 
in  the  United  States."  The  dam  was  reconstructed  in  1928, 
with  design  by  Weston  and  Sampson  Consulting  Engineers 
of  Boston,  Massachusetts.  This  work  included  installation 
of  a  crib  wall,  increasing  the  height  of  the  dam  by  2  feet, 
raising  the  top  of  the  right  training  wall,  and  some  foundation 
modifications.  This  work  is  shown  on  a  1928  drawing,  which 
is  reproduced  as  Page  B-3  of  this  report.  In  July  1973, 
the  dam  was  overtopped,  and  portions  of  the  earthfill  were 
washed  out.  Repair  work  in  1973  included  dredging  of  the 
reservoir  and  restoring  eroded  slopes. 


(  4 )  Right  Embankment 


The  nonoverflow  section  to  the  right  of  the  spillway 
consists  of  a  reinforced  concrete  thrust  wall  along 
the  upstream  side  and  a  reinforced  concrete  retaining 
wall  along  the  downstream  side,  with  three  12-inch- 
thick  concrete  cross  walls  forming  a  crib  structure 
which  is  filled  with  earth.  The  earth  slope  between 
the  thrust  and  retaining  walls  is  approximately  1.5 
horizontal  to  1  vertical.  There  is  approximately 
1  foot  of  fill  material  ever  the  top  of  the  cross 
walls.  This  portion  of  the  dam  extends  approximately 
85  feet  from  the  right  training  wall  to  the  right 
abutment . 

(5)  Gatehouse 


The  wood  frame  gatehouse  rests  on  a  10-foot- 
square  concrete  foundation  at  the  intersection  of 
the  left  thrust  wall  and  the  left  training  wall. 

This  structure  houses  two  gate  stems  which  control 
the  two  outlets  from  the  reservoir.  The  upstream 
gate  stem  connects  to  a  20-inch  vertical  lift  gate 
which  opens  to  a  20-inch-diameter  pond  drain  pipe. 

This  daylights  in  the  left  training  wall  below  the 
gatehouse.  The  downstream  gate  stem  connects  to  a 
10-inch-diameter  vertical  lift  gate  which  regulates 
flow  through  a  10-inch-diameter  pipe  extending  to 
the  town  of  Norwich,  where  it  is  used  for  water  supply. 

(c)  Size  Classification 


The  dam  has  a  maximum  impoundment  of  37.4  acre-feet 
and  a  height  of  28  feet.  According  to  the  Corps  of  Engineers' 
Recommended  Guidelines,  a  small  size  dam  is  one  with  a 
maximum  storage  between  50  and  1000  acre-feet  or  a  height 
between  25  feet  and  40  feet.  Therefore,  this  dam  is  classified 
as  SMALL  in  size,  based  on  the  latter  criteria. 

( d )  Hazard  Potential  Classification 

The  hazard  potential  classification  for  this  dam  is 
HIGH  because  of  the  significant  economic  loss  and  potential 
for  loss  of  more  than  a  few  lives  downstream  in  the  event 
of  dam  failure.  There  are  five  houses  approximately  4,000 
feet  downstream  of  the  dam.  The  prefailure  flow  conditions 


with  Blood  Brook  in  Norwich,  Vermont.  The  dam  can  be  reached 
from  Meadow  Road  which  intersects  State  Route  5  in  Norwich. 

The  dam  is  shown  on  U.S.G.S.,  Hanover,  VT-NH  Quadrangle 
at  approximate  coordinates  N43  43.8',  W72  20.0'  (see  location 
map  on  Page  vi ) .  Page  B-2  of  Appendix  B  is  a  site  plan 
for  this  dam. 

(b )  Description  of  Dam  and  Appurtenances 

The  Norwich  Reservoir  Dam  is  a  concrete  and  earth 
fill  structure  with  a  concrete  arch  spillway,  two  vertical 
stem  gates,  and  a  water  supply  pipe  to  the  town  of  Norwich. 

The  overall  length  of  the  dam  is  200  feet,  and  it  is  a 
maximum  of  28  feet  high. 

(1)  Principal  Spillway  (See  Page  B-2) 

The  spillway  is  a  thin  concrete  arch  structure 
with  a  stepped  downstream  training  wall  on  either 
side.  The  radius  of  the  arch  is  100  feet,  and  the 
crest  width  is  2  feet.  The  thickness  of  the  arch 
steps  out  at  4-foot  drops  so  that  it  is  8  feet  thick 
at  the  bottom.  There  is  a  concrete  apron  extending 
downstream  of  the  dam  for  approximately  20  feet. 

The  weir  length  is  45  feet. 

( 2 )  Training  Walls 

The  training  walls  on  either  side  of  the  spillway 
are  constructed  of  reinforced  concrete  with  steps 
down  toward  the  downstream  side.  The  tops  of  these 
walls  are  3.5  feet  above  the  spillway  crest  and  the 
thickness  varies  from  28  inches  to  44  inches  wide. 

( 3 )  Left  Abutment 

The  nonoverflow  section  to  the  left  of  the  spillway 
consists  of  a  reinforced  concrete  thrust  wall  which 
is  70  feet  long  from  the  left  training  wall  to  the 
left  abutment.  Earth  fill  has  been  placed  downstream 
of  this  wall,  and  it  is  contained  by  the  left  training 
wall.  The  downstream  slope  is  approximately  1  horizontal 
to  1  vertical. 


National  Dam  Inspection  Program 
Phase  I  Inspection  Report 
Norwich  Reservoir  Dam 
Section  1:  Project  Information 


1.1  General 


( a )  Authority 


Public  Law  92-367,  August  8,  1972,  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers, 
to  initiate  a  National  Program  of  Dam  Inspection  throughout 
the  United  States.  The  New  England  Division  of  the  Corps 
of  Engineers  has  been  assigned  the  responsibility  of  supervising 
the  inspection  of  dams  within  the  New  England  Region. 
Goldberg-Zoino  &  Associates,  Inc.  (GZA)  has  been  retained 
by  the  New  England  Division  to  inspect  and  report  on  selected 
dams  in  the  State  of  Vermont.  Authorization  and  notice 
to  proceed  were  issued  to  GZA  under  a  letter  of  April  29, 

1981,  from  Colonel  William  E.  Hodgson,  Jr.,  Corps  of  Engineers. 
Contract  No.  DACW  33-80-C-0055  has  been  assigned  by  the 
Corps  of  Engineers  for  this  work. 

( b )  Purpose 


(1)  Perform  technical  inspection  and  evaluation  of 
nonfederal  dams  to  identify  conditions  which  threaten 
the  public  safety  and  thus  permit  correction  in  a 
timely  manner  by  nonfederal  interests. 

(2)  Encourage  and  prepare  the  states  to  initiate 
quickly  effective  dam  safety  programs  for  nonfederal 
dams. 

(3)  Update,  verify,  and  complete  the  National  Inventory 
of  Dams. 

1 . 2  Description  of  Dam 
(a)  Location 


The  Norwich  Reservoir  Dam  is  located  on  Charles  Brown 
Brook  approximately  one  mile  upstream  of  its  confluence 
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Section  5:  Evaluation  of  Hydraulic/Hydrologic  Features 


5 . 1  General 

Norwich  Dam  is  an  earthfill  and  concrete  structure  used 
as  a  water  supply  for  the  Village  of  Norwich  since  the  1920 's. 

It  is  a  run-of-the-river  project  on  Charles  Brown  Brook,  with 
a  normal  pool  storage  capacity  of  21.5  acre-feet,  and  a  maximum 
storage  capacity  of  37.4  acre-feet.  The  5.2-square-mile  drainage 
area  is  mostly  forested,  and  its  terrain  is  mountainous. 

The  principal  spillway  consists  of  a  thin  (2  feet  thick 
at  the  crest  to  7  feet  6  inches  thick  near  the  base)  concrete 
arch,  27.5  feet  high,  with  stepped  block  reinforcement.  Two 
nonoverflow  sections  tie  into  the  arch  and  into  the  dam  abutments. 
The  concrete  nonoverflow  sections  combine  for  a  total  length 
of  about  155  feet,  including  a  gatehouse  on  the  left  side. 

The  principal  spillway  arch  is  about  45  feet  long,  giving  the 
dam  a  total  length  of  200  feet.  The  elevation  of  the  arch  is 
718  NGVD ,  and  that  of  the  nonoverflow  sections  is  721.5  NGVD. 

Downstream  of  the  dam,  Charles  Brown  Brook  flows  through 
a  mostly  forested  area  parallel  to  Beaver  Meadow  Raod .  From 
the  dam  to  the  Beaver  Meadow  Road  crossing  about  4,000  feet 
downstream,  the  Brook  has  a  fairly  steep  gradient;  a  30-foot 
to  40-foot-wide  channel;  and  steep,  overgrown,  side  banks. 

One  house  is  located  in  this  reach,  but  it  is  well  above  flood 
danger.  A  town-operated  recreation  pool  is  about  3,000  feet 
downstream  of  the  dam  and  spans  the  width  of  Charles  Brown  Brook. 

A  house  is  located  on  the  right  bank  at  the  Beaver  Meadow 
Road  crossing,  and  there  are  five  houses  downstream  of  the  crossing 
in  the  vicinity  of  the  Blood  Brook  confluence.  About  300  feet 
downstream  of  the  confluence,  Blood  Brook  flows  under  a  side 
street  through  a  small,  wood-decked  bridge.  Two  houses  are 
within  flood  danger  here. 

Blood  Brook  then  flows  into  an  open  reach  with  wide  overbanks. 
The  first  part  of  this  reach  includes  a  grassy  right  overbank, 
and  a  tennis  court  and  recreation  area  on  the  left  bank.  At 
the  downstream  end  of  this  section  is  a  housing  development 
on  the  right  bank,  with  about  six  houses  near  the  streambank 
height.  The  next  part  of  this  reach  includes  a  church  on  the 
left  bank  and  ends  with  the  crossing  of  Beaver  Meadow  Road. 


5 . 2  Design  Data 


Original  design  plans  and  hydrologic  analysis  for  this 
dam  are  unavailable.  Restoration  plans  by  Weston  and  Sampson 
(1928)  show  an  old  retaining  wall  (replaced)  and  an  old  thrust 
wall  one  foot  lower  than  present.  The  old  nonoverflow  sections 
were  raised,  apparently  to  provide  more  flood  protection  tor 
the  structure. 

5 . 3  Experience  Data 

Detailed  experience  data  for  the  dam  are  unavailable,  but 
a  1973  event  apparently  overtopped  the  dam  and  eroded  some  of 
the  earth  backfill.  New  fill  and  some  minor  repairs  have  since 
restored  the  dam  to  preflood  conditions. 

5 . 4  Test  Flood  Analysis 

The  impoundment  of  less  than  1,000  acre-feet  and  height 
of  less  than  40  feet  classify  this  dam  as  a  SMALL  structure. 

The  appropriate  hazard  class  is  HIGH,  due  the  potential  for 
loss  of  more  than  a  few  lives  at  more  than  ten  residential  houses 
within  the  flood  hazard  area.  The  Test  Flood  for  a  dam  classified 
as  small  with  a  high  hazard  rating  is  between  one-half  of  the 
Probable  Maximum  Flood  ( PKF )  and  the  PMF.  Since  the  storage 
capacity  of  22  acre-feet  is  at  the  lower  end  of  the  small  size 
classification,  the  one-half  PMF  has  been  adopted  as  the  Test 
Flood.  The  one-half  PMF  for  this  dam  is  1,100  cfs  per  square 
mile,  or  5,750  cfs. 

The  small  size  of  the  reservoir  would  not  significantly 
attenuate  a  Test  Flood  of  this  magnitude.  The  routed  peak  Test 
Flood  outflow  would,  therefore,  be  5,750  cfs,  which  would  create 
a  water  surface  elevation  at  the  dam  of  725.2  NGVD,  3.7  feet 
above  the  nonoverflow  sections.  The  normal  spillway  capacity 
of  890  cfs  is  only  15%  of  the  peak  Test  Flood  outflow. 

5.5  Dam  Failure  Analysis 


The  peak  downstream  flows  that  would  result  from  the  failure 
of  Norwich  Dam  are  estimated  using  the  procedure  suggested  in 
"Rule  of  Thumb  Guidelines  for  Estimating  Downstream  Failure 
Hydrographs."  The  failure  is  assumed  to  occur  at  the  top  of 
the  nonoverflow  section  (721.5  feet  NGVD).  The  outflow  prior 
to  dam  failure  would  be  890  cfs,  creating  a  tailwater  of  about 
2.4  feet  in  the  channel  downstream  of  the  dam. 


For  an  assumed  breach  width  equal  to  40%  of  the  dam  width 
at  half-height,  the  gap  in  the  embankment  due  to  failure  would 
be  about  50  feet.  The  resulting  peak  failure  outflow  would 
be  13,000  cfs,  which  would  increase  the  tailwater  stage  from 
2.4  feet  to  11.1  feet  above  the  streambed. 

The  peak  failure  outflow  would  attenuate  to  a  peak  of  about 
6,000  cfs  at  the  Beaver  Meadow  Road  crossing,  about  4,000  feet 
downstream.  This  peak  flow  would  create  a  stage  of  about  6.2 
feet  over  the  road,  enough  to  cause  a  serious  flood  hazard  for 
the  house  located  on  the  right  bank.  The  five  houses  in  the 
reach  between  the  Beaver  Meadow  Brook  crossing  and  a  wooden-decked 
bridge  on  Blood  Brook  would  also  experience  severe  flooding. 

The  residential  housing  site  downstream  of  the  bridge  would 
be  subject  to  a  stage  of  about  6.3  feet  above  the  channel  bottom 
of  Blood  Brook  and  about  2.3  feet  above  the  streambanks.  The 
attenuated  peak  flow  is  3,900  cfs.  The  potential  for  loss  of 
life  exists  here,  as  well  as  at  the  other  sites  discussed  previously. 

At  the  downstream  crossing  of  Beaver  Meadow  Road,  the  peak 
flow  would  have  attenuated  to  3,200  cfs  with  a  stage  of  about 
5.8  feet.  The  church  between  the  road  crossing  and  the  housing 
site  would  probably  receive  damage  due  to  the  failure  wave  and 
also  due  to  backwater  from  the  Beaver  Meadow  crossing.  Damage 
will  probably  be  incurred  at  this  crossing  and  at  each  of  the 
four  other  crossings  downsteam,  but  residential  housing  is  located 
above  damaging  river  stages. 

Due  to  the  risk  of  loss  of  more  than  a  few  lives  in  the 
event  of  a  dam  failure,  the  appropriate  hazard  classification 
for  this  dam  is  HIGH.  The  downstream  impacts  of  a  dam  failure 
are  summarized  in  the  chart  on  the  following  page. 
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Section  6:  Structural  Stability 


6 . 1  Evaluation  of  Structural  Stability 
(a)  General 


The  Norwich  Reservoir  Dam  is  in  poor  condition  at 
the  present  time. 

( 1 )  Left  Training  Wall 

The  high  degree  of  surface  erosion  (in  excess 
of  12  inches)  of  the  cyclopean  concrete  dramatically 
reduces  the  effective  thickness.  Visual  observations 
indicate  that  much  of  the  cobble  aggregate  is  6  inches 
to  8  inches  in  diameter  and  seriously  unbonded.  This 
training  wall  forms  a  buttress  to  the  gatehouse  foundation 
which  has  been  subjected  to  distress.  Partial  failure 
of  this  wall  could  conceivably  cause  a  domino  effect, 
resulting  in  potential  failure  of  the  dam. 

( 2 )  Gatehouse 


The  foundation  of  this  structure  has  been  subjected 
to  multiple  vertical  cracks  with  associated  rotation 
in  a  clockwise  direction  toward  the  left  abutment. 

The  downstream  portion  of  this  wall  has  sheared  and 
has  been  displaced  in  the  downstream  direction.  The 
structural  stability  of  this  structure  is  being  jeopar¬ 
dized  . 

( 3 )  Right  Training  Wall 


The  high  degree  of  horizontal  cracking  and  erosion 
at  the  interface  with  the  spillway  jeopardizes  this 
structure . 

( 4 )  Spillway 

There  is  evidence  of  spalling  of  the  pneumatically 
applied  mortar  on  the  downstream  face  of  this  structure. 
Based  upon  the  condition  of  the  surrounding  components, 
as  discussed  in  the  previous  paragraphs,  it  is  recommended 
that  this  structure  be  thoroughly  investigated  under 
low  flow  conditions. 
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No  records  of  structural  stability  analyses  are  available 
for  this  dam. 

6 . 3  Post  Construction  Changes 

The  dam  was  constructed  in  1918.  The  dam  was  modified 
and  repaired  in  1928,  including  raising  the  crest  by  2  feet. 
Repairs  were  made  to  the  embankments  in  1973,  after  the  dam 
was  overtopped . 

6 . 4  Seismic  Stability 

The  dam  is  located  in  seismic  zone  No.  2  and,  in  accordance 
with  the  recommended  Phase  I  guidelines,  does  not  warrant  seismic 
analysis . 


7.1  Dam  Assessment 


( a )  Condition 


The  Norwich  Reservoir  Dam  is  in  poor  condition  at 
the  present  time.  The  left  training  wall  and  gatehouse 
should  be  reconstructed.  The  right  training  wall  should 
be  repaired. 

( b )  Adequacy  of  Information 


The  lack  of  in-depth  engineering  data  precludes  a 
definitive  review.  Therefore,  the  adequacy  of  the  dam 
cannot  be  assessed  from  the  standpoint  of  reviewing  design 
and  construction  data.  This  assessment  is  based  primarily 
on  the  visual  inspection,  past  performance,  and  sound  engi¬ 
neering  judgment. 

(c )  Urgency 


The  engineering  studies  and  improvements  described 
herein  should  be  implemented  by  the  owner  within  one  year 
of  receipt  of  this  Phase  1  Inspection  Report  except  as 
noted  in  Paragraphs  7.3  a  and  b. 

7 . 2  Recommendations 

It  is  recommended  that  the  services  of  a  qualified  registered 
professional  engineer  be  retained  to: 

(a)  Conduct  a  detailed  hydraulic  and  hydrologic  study 
to  further  define  the  need  for  and  means  to  increase  the 
project  discharge  capacity  and  the  ability  of  the  dam  to 
withstand  overtopping. 

(b)  Investigate  the  source  of  the  seepage  through  the 

left  embankment  and  make  recommendations  for  remedial  measures. 

(c)  Investigate  the  structural  stability  of  the  left  training 
wall,  the  gatehouse  foundation,  and  the  spillway. 

(d)  Investigate  the  condition  of  the  right  training  wall. 
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(e)  Prepare  plans  for  the  renovation,  repair,  or  replacement 
of  the  gatehouse  foundation,  the  spillway,  and  the  left 

and  right  training  walls. 

(f)  Develop  a  method  to  remove  all  trees  (including  the 
roots)  from  the  embankments,  and  backfill  the  resulting 
voids  with  suitable  compacted  material. 

The  owner  should  implement  the  findings  of  the  above  engineering 
studies. 

7 . 3  Remedial  Measures 

It  is  recommended  that  the  following  remedial  measures 
be  undertaken  by  the  owner: 

(a)  Upon  receipt  of  report  immediately  check  the  operability 
of  the  outlet  works  through  their  full  range. 

(b)  Upon  receipt  of  report  immediately  develop  a  plan 
for  surveillance  of  the  dam  flood  periods  and  a  formal, 
written  system  for  warning  downstream  residents  and  appropriate 
officials  in  the  event  of  an  emergency. 

(c)  Remove  all  brush  from  the  embankments. 

(d)  Implement  a  program  of  annual  technical  inspections 
of  the  dam  and  its  appurtenances,  including  operation  of 
all  outlet  works. 

(e)  Implement  and  intensify  a  program  of  diligent  and 
periodic  maintenance. 

7  * 4  Alternatives 

Since  this  dam  is  scheduled  to  be  taken  out  of  service 
as  a  water  supply  dam  in  the  near  future,  a  possible  alternative 
to  the  above  measure  would  be  removal  of  the  dam  under  the  direction 
of  a  qualified  registered  professional  engineer. 
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BY 
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Date 

Surface  Cracks 
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and  at  Concrete 
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of  Structural  Items 
on  Slopes 
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(Jr K" 
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718.0  feet 
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None  noted 
Not  applicable 


None  noted 
None  noted 
Good 
Good 


Good 


None 

None 

Small  trees  and  brush 
growing  on  both  embankment 
should  be  mown 


Sloughing  or  Erosion  of 
Slopes  or  Abutments 


None 
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July  21,  1978 


At  the  north  end  of  the  spillway  is  the  gate  house.  There  is 
severe  cracking  of  the  foundation  walls.  The  cracks  should,  be 
grouted  immediately  to  maintain  their  integrity. 

The  dam  does  not  show  any  signs  of  imminent  collapse,  but  it  is 
beginning  to  deteriorate  and  lack  of  corrective  action  will  most 
likely  allow  the  rate  of  deterioration  to  increase. 


The  Prudential  Committee  asked  the  writer  to  express  some  thoughts 
on  the  viability  of  installing  flashboards.  Due  primarily  to 
insufficient  spillway  capacity,  the  writer  suggested  the  flash- 
boards  would  not  be  a  practical  solution  to  increasing  the  water 
supply.  Because  they  would  have  to  be  set  to  trip  with  a  relatively 
small  rise  in  water  level,  there  would  be  a  constant  maintenance 
of  replacing  pins  and  boards.  If  automatic  gates  such  as  bascule 
gates  were  installed,  they  would  be  expensive  to  begin  with,  need 
to  be  heated  in  cold  months  to  prevent  icing  and  may  not  be  adap¬ 
table  because  of  the  curved  nature  of  the  spillway  anyhow. 

Fabridam  is  a  possibility,  but  again  is  very  expensive  and  may 
be  subject  to  puncture  by  large  debris. 
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State  of  Vermont 


AGENCY  OK  ENVIRONMENTAL  CONSERVATION 


Department  of  F *sfca  and  Game 
Department  of  Forests,  Parks,  and  Recreation 
Department  of  Water  Resources 
Environmental  Board 

Division  of  Environmental  Engineering 
Division  of  Environmental  Protection 
Natural  Resources  Conservation  Council 


Montpelier,  Vermont  05602 
Department  of  Water  Resources 

WATER  QUALITY  DIVISION 
July  21,  1978 


MEMORANDUM 


To : 

From: 
Subject : 


File 

Donald  H.  Spies 

Norwich  Water  Supply  Dam  -  Norwich 


At  the  reauest  of  the  Prudential  Committee,  the  writer  went  to 
Norwich  on  March  29,  1978  to  inspect  the  water  supply  dam.  How¬ 
ever,  due  to  snow  and  ice  cover,  it  was  not  possible  to  make  an 
inspection.  It  was  agreed  the  writer  would  return  in  the  summer 
at  a  time  when  little  or  no  water  was  flowing  over  the  spillway. 

The  writer  returned  on  July  12,  1978  and  was  able  to  make  an 
inspection.  Basically,  the  dam  consists  of  a  concrete  gravity 
spillway  with  concrete  walls  extending  to  each  abutment.  These 
walls  are  the  supstream  face  of  the  dam.  In  addition,  there  are 
curving  concrete  gravity  walls  which  form  the  sidewalls  for  the 
spillway.  There  Is  a  concrete  apron  extending  from  the  base  of 
the  spillway  to  the  downstream  end  of  the  side  walls.  The  down¬ 
stream  side  Is  composed  of  concrete  walled  bins  which  have  been 
backfilled  with  earth. 

The  spillway  and  its  side  walls  all  show  varying  signs  of  deter¬ 
ioration.  The  north  side  wall  and  the  upper  half  of  the  spillway 
have  serious  spalling.  Both  side  walls  are  leaching  calcium  and 
have  munerous  minor  cracks.  Some  seepage  was  noted  at  the  down¬ 
stream  end  of  the  north  wall,  but  no  determination  was  made  as  to 
whether  the  water  came  from  the  reservoir  or  from  the  hillside. 

There  is  minor  undermining  at  the  downstream  end  of  the  apron. 

It  does  not  currently  present  any  danger  to  the  spillway,  but 
some  sort  of  cutoff  wall  should  be  constructed  to  protect  the  apron. 

No  serious  problems  were  detected  In  the  earth,  though  some  brush 
and  tree  cutting  is  needed.  The  south  wall  appeared  sound,  however, 
spalling  at  the  water  line  was  noted  near  the  north  abutment  of  the 
north  wall. 
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Mr.  Robert  Huck,  Chairman 
Prudential  Committee 
Norwich  Fire  District 
Norwich,  VT  05055 

Dear  Mr.  Huck: 

This  Is  to  transmit  my  report  on  the  inspection  of  the  water 
supply  dam  on  Charles  Brown  Brook.  For  your  use  I  am  enclosing 
three  copies  of  the  report. 

I  recommend  the  District  retain  a  qualified  consulting  engineer 
to  develop  a  detailed  scope  of  work,  cost  estimates,  and  plans, 
specifications  and  other  contract  documents. 

I  made  an  Inquiry  Into  the  question  of  trees  around  the  reservoir 
and  their  effect  on  water  quality.  I  was  told  that  leaves  and 
needles  falling  into  the  water  can  have  an  adverse  effect  on 
water  quality ‘once  the  material  starts  to  decay.  It  Is  generally 
recommended  the  shoreline  be  kept  clear  of  trees  and  brush.  It 
should  be  noted  that  cutting  the  perimeter  trees  will  notttotally 
solve  the  problem  because  material  already  In  the  water  will  con¬ 
tinue  to  decay  and  some  new  material  will  be  brought  in  by  the 
brook . 


J^OVUJItk 


Sincerely  yours. 


Donald  H.  Spies 
Environmental  Engineer 


vl 

cc:  Thomas  Nesbitt,  Environmental  Engineering 

Douglas  Zorzie,  Water  Supply  Division,  Department  of  Health 
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US.  ARMY  ENGINEER  DIV.  NEW  ENGLAND 

CORPS  OF  ENGINEERS 
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NATIONAL  PROGRAM  OF  INSPECTION  OF  NON-FED.  DAMS 

SITE 

PLAN 

NORWICH  RESERVOIR  DAM 

NORWICH  VT. 

scale  I  60 


DATE  JUNE  1981 


APPENDIX  B 
ENGINEERING  DATA 


NORWICH  RESERVOIR  DAM 


Norwich,  Vermont 


May  14,  1981 
VT00157 


CHECKLIST  FOR  VISUAL  INSPECTION 

1 

AREA  EVALUATED 

BY 

CONDITIONS  AND  REMARKS 

3 

ft 

3 

CONCRETE  APRON 

V 

Condition  of  Concrete 

?(L 

Surface  erosion 

RESERVOIR  AREA 

JL 

• 

Slopes 

Generally  good,  bowing 
trees  are  a  sign  of 
creep,  does  not  appear 
significant 

m 

1 

4. 
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NORWICH  RESERVOIR  DAM 


May  14,  1981 
VT00157 


Norwich,  Vermont 


CHECKLIST  FOR  VISUAL  INSPECTION 


AREA  EVALUATED 

BY 

CONDITIONS  AND  REMARKS 

GATEHOUSE 

Condition  of  Concrete 

Poor 

Spalling 

Minor 

Erosion 

None  noted 

Cracking 

1-inch  vertical  crack 
at  interface  with  spillway, 
extending  to  3/4-inch 
vertical  crack  through 
cellular  wall  and  1 
inch  vertical  crack 
on  left  wall.  Horizontal 
crack  on  downstream 
wall.  Foundation  displaced 
average  of  3/8  inch 
downstream.  Upstream 
portion  of  foundation 
rotated  clockwise  from 
spillway  to  left  abutment 

Efflorescence 

Minor 

Visible  Reinforcing 

None  noted 

Rusting  or  Staining  of 

Concrete 

None  noted 

Superstructure 

Fair 

Bench  Stands  and  Operating 

Mechanism 

Good 
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PHOTO  LOCATION  PLAN 


NORWICH  RESERVOIR  DAM 


NORWICH  VT. 


scale  I  60 


DATE  JUNE  1981 


2.  Crest  of  Spillway  and  Right 
Training  Wall.  Note:  Thrust 
Wall  and  Embankment 
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Crest  of  Spillway  and  Right  Side  of 
Gate  House.  Note:  Deterioration  of 
Concrete  on  Left  Training  Wall 


5. 


Detail  of  Deterioration  of  Concrete 
on  Left  Training  Wall 


8.  Crack  in  Right  Gate  House  Wall 


Open  Crack 


CAMP  DRESSER  &  McKEE  INC. 


Channel  D/S  of  Norwich  Dam 


Channel  Slope  =  .03 

The  stage-normal  flow  relationship  for  this  reach  is  given  on  the 
next  page.  A  pre-failure  flow  of  885  cfs  would  cause  a  stage  of  about 
2.4  feet  in  the  channel.  At  a  failure  flow  of  12,985  cfs,  the  stage 
would  rise  8.7  feet  to  a  depth  of  11.1  feet  above  the  streambed. 

The  total  storage  volume  behind  the  dam  above  the  failure  tailwater 
is  approximately  the  storage  volume  at  the  non-overflow  sections,  37.4 
acre-feet.  In  the  reach  between  the  dam  and  the  Meadow  Road  crossing 
4,000  feet  downstream,  some  attenuation  of  peak  flow  and  a  reduction  in 
peak  stage  will  occur.  The  calculations  for  attenuation  are  shown  follow¬ 
ing  the  normal  flow  table.  (Reach  Storage  =  length  x  average  area;  Average 

upstream  +  area  downstream 

area  =  - - - 

2 

2 

upstream  end  is  414  feet  .) 


The  area  of  the  failure  wave  at  the 


CAMP  DRESSER  &  McKEE  INC. 


DAM  FAILURE  ANALYSIS 

Assume  failure  occurs  when  the  water  surface  is  at  the  top  of  the 
non-overflow  sections,  721.5  NGND. 

Peak  Failure  Outflow  =  Normal  Flow  +  Breach  Outflow 

From  the  Stage-Discharge  curve,  at  elevation  721.5,  Normal  Flow  =  885  cfs. 


Where : 

Y  =  water  surface  height  above  channel  invert  at  failure 
o 

Y  =  27.5 

o 

W,  <  40%  of  the  width  at  h  height 

b  — 

width  at  height  =  125* 

Wu  <  .4(125)  =  50' 

Qpi  -  ~TT  /T  <50>  (27. 5)1-5 

Q  .  =  12,100  cfs 

Pi 

Peak  Failure  Outflow  =  12,100  +  885  =  12,985  cfs 

On  the  next  page  is  shown  a  typical  cross-section  for  Brown  Brook  just 
downstream  of  the  dam. 
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CAMP  DRESSER  &  McKEE  INC. 


STAGE-STORAGE  RELATIONSHIP 

The  normal  storage  behind  Norwich  Dam  at  the  emergency  spillway 
elevation  (718)  is  about  21.5  acre-feet  with  a  surface  area  of  about 
2.8  acres.  At  the  crest  of  the  non-overflow  sections,  3.5  feet  above 
the  principal  spillway,  the  storage  volume  would  be  about  37.4  acre- 
feet,  with  an  area  of  5.7  acres.  Approximating  this  curve  with  a  lin¬ 
ear  relationship  for  storage  above  the  emergency  spillway: 


surcharge  storage  =  4.54  (ELEV  -  718) 

Total  storage  =  21.5  +  4. 54 (ELEV  -  718) 


For  the  drainage  area  of  5.2  square  miles: 


1”  of  runoff 

1  acre-feet 


5.2(640)1 
12 ("/ft) 

1 

280 


«» 

—  =  280  acre-feet 

.0036  inches  of  runoff 


Surcharge  storage  to  the  dam  crest  (ELEV  =  721.5) 

**  4.54(721.5  -  718)  =  15.9  acre-feet  =  .06  inches  of  runoff 


The  stage-storage  curve  is  shown  on  the  next  page. 
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STAGE  VS. DISCHARGE  RELATIONSHIP  FOR  NORWICH  DAM 
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STAGE-DISCHARGE  CURVE 

For  the  purposes  of  this  study,  the  10  inch  intake  and  20  inch 
outlet  pipe  will  be  assumed  closed  during  flood  conditions.  The  weir 
equations  describing  the  existing  dam  are: 


from  H  =  0  to  H  =  3.5 

=  3.0  (45)  (H)  1***  (spillway  section,  el  =  718.0) 

above  H  =  3.5 

Qj  =  3.0  (45)  (H)1,5 

Q2  =  2.9  (145)  (H  -  3.5)*'^  (non-overflow  abutments) 

Q3  =  2.8  (H  -  3.5)  (4)  (4(H  -  3.5))1,5+  2.8(H  -  3.5)  (2)  (401-3.5)) 


(overbanks) 


H  =  feet  above  principal  spillway 


On  the  following  pages  are  the  dam  rating  table,  BASIC  program,  and  the 
stage-discharge  curve. 


NORWICH  RESERVOIR 


TO  SCALE 
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NORWICH  RESERVOIR 


The  Norwich  Reservoir  Dam  is  an  earthfill  and  masonry  wall  structure 
with  an  overall  length  of  200  feet.  A  45  foot  long  arched  spillway  section 
serves  as  the  principal  and  emergency  spillway  at  an  elevation  of  718  NGVD. 
This  is  3.5  feet  below  two  non-overflow  sections,  one  on  the  left  that  ex¬ 
tends  about  75  feet  from  the  natural  valley  to  the  left  abutment  including 
a  10  foot  gate  house,  and  one  on  the  right  which  extends  about  80  feet  from 
the  natural  valley  to  the  right  abutment.  The  height  of  the  dam  is  27.5 
feet  from  the  dam  toe  to  the  top  of  the  non-overflow  section.  A  sketch  of 
the  dam  is  shown  on  the  next  page. 
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ATTENUATED  PEAK  DAM  FAILURE  FLOW  4,000  FEET  DOWNSTREAM 
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The  attenuated  dam  failure  flow  at  the  end  of  this  reach  would  be 
6,000  cfs  with  a  stage  of  about  7.2  feet.  One  house  is  located  on  the 
left  bank  within  this  reach,  but  it  is  sufficiently  high  enough  to  es¬ 
cape  damage  due  to  the  dam  failure.  A  ponding  structure,  however ,  used  by 
the  town  for  recreation,  would  probably  be  destroyed  by  the  failure  wave. 


At  the  end  of  the  4,000  foot  reach.  Brown  Brook  flows  through  a  16 
foot  wide  by  6  foot  high  culvert  with  a  low  chord  1.5  feet  lower  than 
Beaver  Meadow  Road.  Although  the  attenuated  stage  is  about  7.2  feet,  the 
peak  flow  of  6,000  cfs  would  quickly  fill  the  culvert  beyond  its  capacity 
and  raise  the  peak  stage  considerably.  Shown  below  is  a  cross  section  of 


this  culvert. 


' 


I* -  /i  '  ~ » 

Using  HEC-5,  Hydraulic  Charts  for  the  Selection  of  Highway  Culverts, 
and  the  following  weir  formulas: 


Q2  =  2.9  (70)  (H)  1,3 

Q3  =  2.9  (H)  (4)  ( . 5H) 1 
Q,  =  2.9  (H)  (10)  (.5H) 
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The  following  rating  table  results : 


Stage 
Ft .  above 
Streambed 


H  Ft. 
above 
road 


*3  +  <*4 


As  can  be  seen  in  the  rating  table,  a  failure  flow  wave  of  6,000  cfs 
would  create  a  head  of  about  6.2  feet  over  the  road.  A  house  located  on 
the  right  bank  and  at  the  road  elevation  would  probably  receive  severe 
damage,  and  the  possibility  for  loss  of  life  would  be  significant. 


About  700  feet  downstream  of  the  bridge.  Brown  Brook  joins  Bloody 
Brook.  Just  downstream  of  this  confluence,  a  small  wooden  deck  bridge 
crosses  Bloody  Brook.  The  stages  in  this  area  would  probably  be  similar 
to  stages  created  at  the  Beaver  Meadow  Road  crossing,  so  the  5  houses 
located  on  the  right  bank  between  the  two  structures  would  probably  suffer 
some  damage. 


D-16 


CAMP  DRESSER  &  McKEE  INC. 


Downstream  of  the  wooden  deck  bridge,  the  gradient  of  Bloody  Brook 
flattens  out  and  the  overbanks  become  wide  and  nearly  level.  A  typical 
section  is  shown  below. 


A  stage-normal  flow  table  for  this  section  is  shown  on  the  next 
page.  The  next  downstream  reach,  about  1800  feet  long,  includes  tennis 
courts  and  a  recreation  area  on  the  left  bank.  Adjacent  to  this  reach 
is  a  residential  housing  area,  where  6  houses  are  located  at  the  level 
of  the  stream  banks.  The  attenuation  for  this  reach  is  shown  on  the 
page  following  the  rating  table.  It  is  assumed  that  Bloody  Brook  is 
flowing  at  a  depth  of  3  feet,  with  a  flow  rate  of  880  cfs  and  an  area  of 
109  ft^  prior  to  the  failure  of  Norwich  Reservoir  Dam.  Near  the  vicinity 
of  the  wooden  bridge,  from  the  rating  table  it  can  be  seen  that  a  peak 
failure  flow  of  6880  cfs  would  create  a  stage  of  abcat  7.6  feet.  At  the 
end  of  this  reach,  the  attenuated  peak  flow  is  3900  cfs  with  a  stage  of 
6.3  feet. 
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A  peak  flow  of  this  magnitude  and  stage  would  cause  heavy  damage  to 
the  residential  housing  site  on  the  right  bank.  In  addition,  a  potential 
for  loss  of  life  exists.  Several  more  houses  are  located  along  the  banks 
from  the  end  of  this  reach  to  the  downstream  crossing  of  Beaver  Meadow  Road. 
The  cross-section  used  for  the  upper  reach  of  this  section  (tennis  court 
area)  can  also  be  used  here.  As  previously  noted,  the  peak  flow  at  the 
upper  end  of  this  section  is  3900  cfs  with  a  stage  of  6.3  feet.  The  cal¬ 
culations  for  the  attenuated  peak  flow  at  Beaver  Meadow  Road,  2,000  feet 

downstream  are  shown  on  the  next  page.  The  area  above  the  normal  flow 

2 

area  in  the  stream  at  the  upstream  end  is  507  -  181  =  326  ft  .  (Area  at 
3900  cfs  =  507  sq.  feet.)  The  attenuated  peak  flow  at  the  Beaver  Meadow 
Road  crossing  is  3,  200  cfs  with  a  stage  of  5.8  feet. 

Located  on  the  left  bank  of  this  downstream  reach  is  a  church  at  the 
streambank  level,  which  would  receive  flood  damage.  Backwater  conditions 
from  Beaver  Meadow  Road  also  have  the  potential  of  raising  the  stage  higher 
and  causing  further  damage. 

Roadway  damage  at  Beaver  Brook  and  at  each  of  the  next  four  other 
stream  crossings  downstream  is  likely  to  occur  due  to  the  magnitude  of  the 
peak  failure  flow.  Residential  houses  downstream,  however,  are  located 
above  the  river  stages  that  would  cause  severe  damage,  although  some  minor 
flooding  may  occur. 


REACH  DOWNSTREAM  OF  TENNIS  COURTS 
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Test  Flood  Analysis 

Size  Classification:  SMALL  (Storage  less  than  50  acre-feet;  height 

less  than  AO  feet). 

Hazard  Classification:  HIGH 

The  failure  of  Norwich  Dam  with  the  water  surface  prior  to  failure 
at  the  top  of  the  non-overflow  sections  would  cause  severe  flooding  down¬ 
stream.  Nearly  all  of  the  stream  crossing  structures  on  Brown  Brook  and 
Bloody  Brook  would  be  destroyed  and  road  service  in  this  area  would  be 
cut  off.  Life  threatening  flooding  is  expected  to  occur  at  the  Beaver 
Meadow  Road  culvert  on  Brown  Brook,  upstream  of  the  wooden  decked  bridge 
on  Bloody  Brook,  and  in  the  residential  area  on  the  right  bank  of  Bloody 
Brook,  upstream  of  the  second  Beaver  Meadow  Brook  crossing. 

The  appropriate  Test  Flood  for  a  dam  classified  as  SMALL  in  size  with 

a  HIGH  hazard  potential  would  be  between  %  the  Probable  Maximum  Flood  (PMF) 

and  the  PMF.  Due  to  the  rather  small  storage  capacity  of  the  dam,  one- 

half  of  the  PMF  is  used  as  the  Test  Flood.  With  a  drainage  area  of  5.2 

square  miles  and  mountainous  terrain,  the  Corps  of  Engineers'  PMF  curve 

suggests  a  2,200  cfs/sq.  mile  for  the  PMF.  One-half  the  PMF  would  be 
2200 

( — ^ — )  x  5.2  =  5750  cfs.  The  small  storage  capacity  of  the  dam  would  have 
little  effect  on  the  Test  flood  inflow  so  the  routed  peak  Test  Flood  out¬ 
flow  would  also  be  5750  cfs.  The  water  surface  elevation  which  results 
from  this  flood  (see  the  dam  rating  curve)  would  be  about  725.2  NGVD, 
which  is  3.7  feet  above  the  non-overflow  sections  and  7.2  feet  above  the 
main  spillway.  The  normal  spillway  capacity  of  885  cfs  is  only  15  percent 
of  the  peak  Test  Flood  outflow. 
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